per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




■miaNAT.ONAL APPUCAT.ON PUBLISHED UNDER T»t ^ COOy^ „»„ ^ 



(51) Intentatloaal Patent Classification 4 

C12N 15/00, A61K 35/52 
A01K 1/00 



Al 



(11) Intenutiooal Publication Number: 
(43) International Publication Date: 



(21) International Application Number: PCT/EP87/00123 

(22) International Filing Date: 2 March 1987 (0103.87) 

(31) Priority Application Numbers: 

(32) Priority Dates: 

(33) Priority Country 

(72) Inventors; and 

HOF^ PE/DE]; Ahomweg 38, SS&VfeS 



P 36 06 891.8 
P 36 36 991.8 

3 March 1986 (03.03.86) 
30 October 1986 (30.10.86) 

DE 



WO 87/ 05325 
1 1 September 1987 (1 1.09.87) 

(81) Designated States: AT (European patent), AU, BE (Eu- 
ropean patentX CH (European Vatent), DE (Euro- 

C^n mi P^)- JP. LU (Euro- 

SmtTuS (Earopean P^^). SE (European 

Published 

With international search report 

Before the expiration of the time limit for amending the 



(57) Abstract 

binu*1^ f 1^1^^ cells and/or sortie cells of animals by com- 

ing the desired organic or inorganic substancL aTX^L Ch ^ ucal P 0 * 5 " 3 " means, with vesicles or granulae contain- 
ceus under intracorporal or e^corpor^7dZn:^!^?_ Qt ^. the ^ sperms with egg cells or somatic 



BEST AVAILABLE COPY 



FOR WE PURPOSES OF INFORMATION ONLY 



international appli- 



AT Austria 

AU Australia 

BB Barbados 

BE Belgium 

B6 Bulgaria. 

BJ Benin 

BR BnzQ 

OT Central African Republic 

CG Congo 

CH Switzerland 

CM Cameroon 

DE Gernuny.Fedend Republic of 

DK Denmark 

H Finland 



Fit Fnncc 

GA Gabon 

G& United Kingdom 

HU Hungary 

R Italy 

JP Japan 

KP Democratic Peopled Republic 

of Korea 

KR Republic of Korea 

U Liechtenstein 

LK Sri Lanka 

LU Luxembourg 

MC Monaco 

MG Madagascar 



ML MaU 

MR Mauritania 

MW Malawi 

HL Netherlands 

NO Norway 

RO Romania 

SD Sudan 

SE Sweden 

SN Senegal 

SU Soviet Union 

TD Chad 

TG Togo 

US United States of America 



WO 87/05325 



PCT/EP87/00123 



The invention r.Ut.s to e method o£ transferrin, organic ,„d/or 
inorganic substances to egg cells . 

99 lla and '°* somatic cells of 
animals, compositions suited for use i„ n..' tt J 

of such compositions and tr. ' precu "°" 

method. POS " l °" S ' and »»«9tnic animals obtained by the 



Disclosed herein is a method of transferrin, organic and/or 

dllutJ SUt "T eS " * ««««red are protected from 

vesicle.' r ° C ° ther " 0diti " tl »° * entrap^ in 

vesrcles or granulae. The envelopes are then bound to sperms. The 

vesicae eoY «>« °«er membranes thereof. 

tr r or 9ranuu components aca «• 

cell where they exert their specific effects. The method is 
e l s " / UUed t "" S£ »" i »' -d-i. -ids into egg 
s o e o,\ PrMUCe " a " S,eniC 0C9 " iS " S " " al1 « «~ 

^ s T tologt and — " 9ul " io - ln tha aa "' " a - - 



exclli! ; T erMS£er " " ° r,aniS - " aS baa " -complished 
exclusively by manipulation of ovum or embryo or with the aid 
ruses Palmiter et .1.. 1982: Nature , 300:6 „ ; Brackett 

III PN ' S " <2,: " 3 '- U " » £ "°> la " as gene 

vectors xs extremely problematic and should be firmly rejected 

est b ° £ "reeder. consumer and. ' 

last but not least, the test animal itself. 

Methods of producing transgenic animals have been summarized 

y ematically by Palmiter and Brinster < l986 . A „„. Rev. genet. 20, 
Host commonly employed is pronucleus injection as illustrated 
in Figure 1. 
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(D The most widely accepted technique so far is. microinjection , 
of genes (dissolved in physiological buffer) into one of 
the pronuclei of the fertilized egg. Several thousands of . 
transgenic mice (as the classical test animal) as well as a 
small number of transgenic sheep. p igs and rabbits have been 
produced in this manner since 1980. 

The injection procedure does however require highly sophisticated 
instruments and extreme skill. Factors influencing inte- 
gration of the injected gene are: DNA concentration, type 
of buffer solution, injected cell, form of plasmid , and 
or gxn of the embryo, (strain of mice). Length of the DMA 
molecule (0.5 to 10.0 kb), on the other hand, is without . 
influence on integration frequency. 

Tanor^T** 00 neChaniSa ° f microi «^t*d ™ f not known. 
Tandem conf xguration in the presence of several copies is 
observed in most cases, but various loci on a number of 
chromosomes are known, too. As integration rate of linear 

18 E1Ve times hi *her than that of circular DNA the 
ends of the fragments are apparently involved in integration. 
As a rule, integrated extraneous DMA remains stable for 
many generations; amplification or deletion is noted 
occasionally. 

iiTTiv: a . fu r her raethod ° f producing trans *- ic 

DNA of the desxred type was injected into the cytoplasm of 
the zygote, the blastomeres of the bicellular organism, or 
the blastocoele of the blastocyst . This method has less chance 
of success, and formation of mosaics is very likely. 

(2) A very inefficient method of producing transgenic animals ' 
is nucleus replacement. Here, the nuclei of totipotent cells . 
transacted in vitro must be isolated by micromanipulation, 
the plasma membrane being removed together with the major 
portxon of the cytoplasm. The isolated nucleus is then 
transferred with a micropipet to a freshly fertilized egg. 
The nucleus is deposited, and female as well as male pronucleus 
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are removed by suction when the Din ■ 
*• e gg . The egg ceu now ha ! " ^ 

a (Previously in vitro J f " f containin g 
the technics of nicroman SkUl * 

-thod, too, which. thou gh Lino co 

of success. 5 6109 COStlv ' Provides little chances 



(3) 



In another method teraf^ 

and subseguently 1,^"^ "»« 

•blastocysts), chimeras with ,„.T 

Obtained i„ this „„„„ J* ""transgenic can Una are 

substantial, and tr . nM1 ^ ZST" T 
coincidence. * 9 er mll„e i« a mere 



<«> The genetically manipulated retr„„- 

transfer method is ' , " tr0 ""« »«d in a further 
axpreaaion of retroviral r,,,, 1 " fectln9 e «bryos. As potential 

t»«ir use i„ practlce . U " l " »«ipulatin, viruses precludes 
*« regards the problems of controlled , 

could be proved In experiment! s * le <="ve integration, it 

extraneous hereditary mite « C " UUred C6Us ">« """Ion of 
8 ""Plete genome Is possibu < S „ith7 aCC " r " el ' de """* -Int of 

"OK Dape„di„ 9 on the structu e of t T " " 1 " """" 3 " = 

' new ,e„e may be introd ' " the Pr«»ide or vector used, 

destroyed (the object h». ', alr «dy present gene may be 
or • gene may be Z^T^' ' — —Ion,. 

ra^rVer ^Xo^r:!^?^ 1 - "~ — - 
be stimulated hor.on«lly~ 0 ~^.' meanin9 **** animalS raust 

ovulate at a certain time hL„ ! * maXimUm ° f e ^ s and 

artificial i-t^t^^^^^ is in itself an 

animal and resulting i„ formati : n 9 Tf\ZlT °' ^ 

respective hormone ( PMSG _ pr ° ° f antlbod ^ against the 

Pregnant mare serum gonadotropin); 
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it also 15 , costly procedure. Moreov the 

tit r ly uatched by - » t e„ di „ 9 . t . ( : d 

a proved period of time prlor to 

As a rule, the artificially inseminated animals must underoo 

i;ri: e s : h that , the ^ - ~< * 

Cow are the o„ ly animals where_this .a, he done without an 
oper.tron but the person conducting fl U shin 3 needs special 

sealed a,ar„st the cervix » lt h a rubber bulb. Buffer solut L l 

r„r ; nto the uterus - ~ th - » 

so tiny La", T"° U r6m0Ved 19 "" by SU "- i0 " ! «- — *» . 
ao tiny that theyo.n only be detected with a microscope. 

The e mbryos of pi 9 s and sheep are washed out in a similar manner 
f o he sucrcaiay exposed uterus. However, as the peritonei 

L e? zi::n nust be ™ ptu * n * *- *- — 

table T CO " ly Uniques, an operatin, ' 

-1 «i x r p :::::: d : ur9icai - • - — ^ 

When, after tirae-consumina search with m a • 

#i " oeti,rcn Wlttl the microscope, the embrvos 

— — — * - 

e axscussed methods may start at last. 

«ecls 2 V° 80 * ° £ e " br ' 0S S " b3 "" a " »"°* — "ansfer 

as tti- ola"" '" en SUUed ret "" Sfer in '° * £ °"« "«~ 
iniection ' " ""^ nembra ° a! "™ *~ d "-oyed by the 

The renainin, uninjured embryos may „ 0 „ b e retransferred into a 

by non sure!" , WUh CW5 ' -* "» — plished 

synchro".^ ^ "~ " re " iV « "»* b « "ormonally 

synchroni 2 ed by elaborate preparatory treatment to adjust the 

animal , """^ lU <° th »" °< * ^e,„ant 

.no tL Pi ' S a ° d S ° eeP ' " ° PeratiOT is <««ly 
and trme-consuminq, for transferrin, the embryos to the animal 



SUBSTITUTE SHEET 

(BAD ORIGINAL 



WO 87/05325 



PGT/EP87/00123 



that is to carry them to the full tern. The young finally 
born are but a small percentage of the originally available 
embryos. Of these young ones, a maximum of 25 % (mice) and less 
than 0.1 to 1 % of sheep, pigs and rabbits are actually transgenic. 

The meth od of the invention no*, serves for incorporating specific 
substances into animal cells, the object being a modification of 
the respective cells or investigation of the effects exerted 
within the cells by certain substances. 

Cells that are of greatest economic and scientific value for such 
applications and investigations are e.g. the hardly accessible egg 
cells. Methods involving egg cells are therefore specific embodi- 
ments of the invention. 

The method of the invention is based on the long-approved biological 
principle of DNA transfer, namely use of sperms as transfer ve- 
hicles. It also uses the firmly established routine of artificial 
insemination (particularly of domestic animals), a detailed 
discussion of which is not necessary here. 

Making use of natural fertilization phenomena and artif ical in- 
semination techniques, sperms are advantageously incubated for a 
short period of time together with synthetically prepared vesicles 
or granulae which are adsorbed on the sperms under the chosen 
conditions. The vesicle-loaded sperms are subsequently deposited 
at the fertilization site where they may enter into the egg cells. 
The vesicles are prepared in the presence of nucleic acids coding 
for one or more genes to be transferred, or in the presence of 
other substances that are to be transferred into egg cells or 
somatic cells. On formation of the vesicles of granulae. the 
substances to be transferred become entrapped therein, thus being 
protected during transport to the egg cells. Sperms then take the 
vesicles into the cytoplasm of the target cells. Here, the 
granulae dissolve, or the vesicles undergo lysis with cell-inherent 
enzymes, releasing the entrapped substances . When nucleic acids are 
transferred in this manner and integrated in the genome of the 
zygote, the new gene(s) may be present in all cells of the developing 
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organism. Once established in t-v. . 

»<.««iisnea in the germinal cpIi «-»,«. 

=::: t r:;::: 

prevent it must also oe entracped so as to 

yievent dilution or modification <-h M „-k ^ 
during transport The ac 9 environmental factors 

target cell . <«>"ace ad envelope. On contact with a 

•rget cell, the sperm enters the cell, releasing .h. .. 
substances within the cell i„„ rior ' I t tr «««"« 
envelopes «~ -k. w l """«r. As shewn hereinafter, the 

XH, Lo ! SUb "" C " « b « tr.nst.rre, .ay always be pre- 
pared in accordance with analogous techniques. 

The sperms <= spermatozoa) of .11 k , 

differ in form as well . ■ 5 «lticeliul.r organisms 

™-. : i c „::.: : c : i :: a rr uo - si - piy 

portion contains hereditary l^^^ whUe 

"o r 0 : ;:: ::::: uutes * — —sufficient 

of the 01. Portion). Physico-chemical characteristics 

the plasma membrane varv i« a ~ ^ ^wwucs 

sperms (epididymai or^acuL LT IT" *"* ° £ ** 

molecules as well as "n 2 t * s "«—«in, 

substances 1 ' l " the "-""ration of new 

proved Thiols T"" ^ ^™^enesia has bean 

concanava . PartlCUl " ly <«■ the steady increase in • 

a certain type of glycoprotein is present 
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only i„ the plasma membrene of th. 

other types of sperm-covert P ° rti °"- ThU " d — «« 

genital tract ere siZZ lT.T^^ Ml = 

91 yco P rote ln s :: b i::r: ::«: s lar9e 9roup ° f 

end sons body fluids. Au 0£ „,„" ! ln C "" ctl " "««»• 

»ith membranes end play e llT ' lyco * r °"ins associated 
n° Play a part in cellular adhesion. 

Pl^^rL^T^uVbes'eo UTT'" COmpositi<> " « »P«~1 
""erences in charoe and or "ratio " T «** *' 

agglutination behevior local T ""^ fUld ' 

behavior a £ t, r tree ..„ t with n " ""^ ^ l » 

colloid.! iron end, Z , "^T""""' W " di "' <«r 
verious re g i„„, of th . pi.."'.! ' «" the 

carbohydr.te side-chains With ** 1,C " nS th " bi " d * 

aid. chains serve a fun«i! ' '"^ SU< = h c arbohydrate 

Producin, carbohldra s d "en."!" 11 " C ° 9 " 1 "-- 
ases and gluco.idases ch.r. f "* •° ri °'" Uy ^ycosyltransfer- 
~. i« the reason £ : r he ;" rl : ed ^ ""-Pacific activity, 
structure and function « ™' dif£ «— « »« chemical 
of ceils. So„. o C « „I" r^"* — <" ">«*">«1 types 
cells fro. the extr.cellu" iC " i ' eli ' abs0rb « d b y 

accessory secret ZTZZZ T^'' * °' 

«act. this £ . ct u of pL a : t t :;Lr:j:;i: c :" wn the ~ tive 

tendency of bindln p eci ZTll l °"° Bb °" S ' S "°" ' 

brene. Sl.ll.. "I. " tbat A "ase on the sperm mem- 

- a plurality oTlZZTl^ ~ * '~ 

and elpha-bun S aroto,ci„ to tbe ^1^™ ' '""^ 

Sperraal membranes are also capable a * h< „• 

hormones and so-called » s *™ ! binding * nUmber 0f stero * d 

«. Bovine sper:: 1 :^ rr: r :::r:r c r su r - cycu < 

variety of steroids, of which 
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progesterone forms the strnn««* v 

A further component of the outer Di a « ma » u 

the so-caii^H ma k P a membra "e of sperms is 

t te 5Peras with the r : quired r ::^ n ' ^ ^ «>« «ppwn, 

regional d.^o 10<3 ination gave an understanding of 

able «i n di nos uere 9 ";° SOme ^ aCtl ° n «* <«tili„ti,n. Value- 
8-sulphonaT "Poriments with l-anili„o„aphthal e „e- 

vircnlt"!' eSPe " aUy " ith substances from the e„- 

Peprod. M,. M ;. 2436: MerCa<i0 «* Ro " d °. Biol. 

As shown above, there pvicf 

extraneous substa ' . "face T"^"" °< "»« h ^ 

importance is the moLcul. ! T' °* 

sperms used th< = ""Position of the particular 

taken. In so., cases 1^ " ^ 

piasma -embranes „ « ::: tlM ° £ "» ™ C ™* ° £ th ° «P-al 

E .,r.at lc treat j ; t r:i .:: th r 1 ^ ™ y to 

that interfere with bind!" " StrUct » al s »"ce elements 

c the surface .TC^^;" 1 "-' 1 — 

In some cases (gene substitution « a.- 

substances are to h* . StltUtl0n ' somatl «= ^ne therapy) where 

are to be transferred by sperms to somatic cellSf u 
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Tl'lTT^ to £itst eu ° inata tha h *> i °" ~ 

:::::nr; t :;;r: t l is ~ — - P — 

,3, """" ional structure 

-ydrophuic Anchored 0 1 * z\ l r r: ot that uyer bein9 

covenants, variou, types of orot. M, ° n9 
a»ino acid ..ouence. T" t " r< "' 3h th " r U W W '« 

eaccarides or hvdroohn ? USUally "* oli «°- « POlY- 

element, ara o " II three ""^ ° £ ~" *"»• 

characterised by el « ""-0— '"one! structure and further 
lne.,. ele ='"C charges, hydrophilic or hvdroohobic 

interaction, van der Haals' forces ^ ^ „" " 

of the enn „.,„ ( „ "rces. ano chemico-physicel parameters 

ea „ l r T ' elements are suited 

fro th out h S " bS "" C " *• PUsma membr.ne 

l"aorfl of r' SP "" 1 " CUet " r * 1 el —" « e - 

*-ne surface or the casinos used in the m>r>w* ~e ^ 

' ^ 1X1 ^ method of the present invention. 

pro e tr»dL1 th th \ i, "' entt0B is - ^e concept that certain 

Protrudtn, three-dimensional structural .laments on the surfaces 
of aperms mioht be bound to structure! eUments on the surf.ce f 
pTasmT Pe ° di '" °° """" Md °< *• normal 

- h pui::' T of eroEioce and ° £ bi " di »'' 

Uoso o io " °* SPSrmS " ay " sult in 

endocvto tU ° U " US mer9a ' in f « si °" •"o«s„ltin, 

endocytosxs of the envelop centers. Spenns constitute the substantially 
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"invariable- element in the method of the invention as thev vary 
only in accordance with their state of maturation and the species . 
from which they were obtained; in other words: depending on the 
species, sperms show a more or less differently composed surface , 
structure. Thus, depending on the species, other forms of binding 
become possible even though a large number of sperm types (higher 
vertebrates) show some common surface structures such as certain 
terminal sugar groups. In principle, it may be said that the 
specific surface characteristics of the sperms used for the 
respective purpose imply the composition of the envelope 
respect to surface characteristics) and, thus, the best suited 
form of binding between envelopes and sperms. But there also exists 
the possibility of intentionally altering surface characteristics 
of the sperms (modification). For instance, the large number of 
terminal sialinic acid groups on the sperm surface may be cleaved 
by xno^ating the sperm, with the enzyne neuraminidase. In this manner, 
negative surface charge will be reduced and many, often distinctive 
sugar molecules previously hidden under sialinic acid grouos 
(cryptantigens) are now exposed. These -..rrninal sugar molecules 
again permit new forms of binding. Enzymatic treatment may also 
produce a "new coating- on the sperm surface. 

for instance, transfer specific sugar molecules to the surface of 
the sperms, thus offering other binding possibilities. 

The forms of binding suited for the method of the invention may be 
axvided xn two groups: 

'*' a 1 ™*" binding of ^w. „..„. 

» structural element on the surface of an euvelnpe("lock») corre- 
spond, st.rle.uy (as a structure 1„ space) as well as phvsico . . 
chemrcally (e.g. opposite charge) to a„ elevated structural 
element ("key) on the sperm membrane (key-lock principle). The . 

sperm Tf * ' PhySlCU °" Ure SUCh « ^Itely charged 

Sample o T mlemB ^ S - »*« ^ direct binding, 

example of direct binding, specific virus receptors may be 
mentroned that bind to Precisely definable structural elements on 
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certain surface characteristics of mT 9e "°' , " ,) to 

specific virus receptors n ?„' S " er " 5 ""^ ^ SPer "" 

<Perticularly ^rl- , 'a^T u""" * 
for the spares. SieUar recenT as binding nolecules 

eicroorganises such s ce ai n "* '«ious 

to co.po»,n ts of the eeveiopaa is posajjl too ™ leCU " S ' 
s«ve the see. functions u blndl ^ ' »~ "ol.culea 

receptors. Blends of dif f «.„t h. I "entioned virus 

different binding .macules .ay s lso be used. 

b Qjeans of .^„>..._ ^ "r ,r.n..i... , 

Mediators, a sort' of adhesive bi nJ ► 

on the spare surface as well as SPeC1£iC "'""""l 1—f 

lopes. The adhesive as sLh StrUctural on the enve- 

—s, or a P : u r 0 :.^vir::::::. eith,c wo or - 
c I o h :pi v :: i ::L o£ i ;r e ibie tndirect bi — «— - — -ore 

in the case of direct binding. 

Lnste^re-t" ^ 0b " in « d 0har,ed 

negatively charged surreal of"! """^ ^"^ b ~ 
»ey be certain instabilities du. T"! ^ en * elopes - 0£ "sadvantage 
binding by charoe *** " ° e "nspeciflc nature of 

stances ^JST^ n^ 

Another unspecific but verv stahio < 

-Uh substances that pronlte fusion of"th! !T* 

Plasma eeebran. and lipid-containl! M *»n. s (spereal 

ethylene gly col (PE0 , ^ **ever. the poly- 

with sperm mobilitv th™,. u more or less seriously 

-v...nt. Certain c edh ^"""^ « ">«"«on of tail 

Proved capable of unspacif ic.Uy'b'T < """"actios > also 

similar agglutination phenoe.n. "T" * 

Proteins. «llpe««.! "OS""" such glyco- 
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Til b 1 "" MemS ^ - — " specific 

bridge binders such as lectins < p „ytoa,glutinins. haemagglutinins 
or nv.rtebr.te agglutinins,. The „ ost eoMonly ^ 
lectins «e characterized by highly specific binding capacity and 

" " > *™P other than the 

?" 9 " 9r ° UP ° £ » 0U '°- « Polysaccharide chain which 
» turn, is covalently bonded to a lipid molecule (,.vcollpidr,r 

certain type of sugar molecule under the chosen conditions while 
others are capable of binding different types of sugars. As the 

iaIe„t)"?T e " "°" biBdi "» ' bi ' ale « - P°1V- 

valent) lectins are capable of adhesively connecting surfaces 

showing identical terminal sugar groups. The strength of the 

terninll " "* °° *• ™ber of 

terninal sugar groups on the surfaces to be connected, i.e. on 
the density of the sugar molecules, on the number of available 
binding sites (valency) and the binding strength (affinity, of the 
lectins, provided lectins are added in excess. Due to the laro. 

foTbcth V t " ni "' 1 alph —°" ««" -IP-e-glucose. respectively, 
for both types of sugar are bound by concan.valin A = Con A) on 
the sperms of .any higher vertebrates, use of Con A lectin offers 
"sell as particularly interesting. Oversaturation of alpha- 
mannose-carrying lipid membranes (envelopes) with Con A proved to 
be , simple procedure wherein, due to the amount of Con A added, 
each sugar residue is theoretically occupied by only one Con A- 
moucu a. Thus, a large number of - £ ree- mannose binding sites of 
polyvalent Con A win protrude fro. the surface of the enveloces. 
«hen such Con A-coated (actively binding lenvalcoes are added 'to 
sperms, theybind with their still free binding! sites of the 
Con A-.olecules to the alpha-mannose residues on the sperm surface- 
the envelopes will then firmly adhere to the sperms. A large excess ' 
of actively binding . roelopss agglutin « lon „ £ th . sperins 

•s the entire sper. surface is saturated with envelopes. 

The above describe activation of binding capacity .ay also be 

wiTan H SPe ™:' InC ° baU ° n ° f SPeC - U " dil "*o suspension, 
with an excess of con A results in saturation of all Con A-bindin, 

SUBSTITUTE SHEET 

@AQ ORIGINAL 



WO87/05325 

PCT/EP87/0O123 



13 

sites on the sper* mem brane. The surface of the speras is 
subsequent y covered by a large number of protruding freesugar 
binding sites through which any envelope show < nn , h 
«.« gr oups (a ipha-man„ose gluc f se - - ZZZTs " 
surface may be bound to the sperms. ""'"•W °" «s 

Mother type of bindin, molecules, namely antibodies, are due 

above 7 , " P ° ly,aUnt 

above technique o f overseturatinq ^ ^ 

bindin g them to sperms. Use of soer.al >„n . " quen " lr 

requires the presenoe of smeLtl I MC ^-^^<= antibodies 
T h( . spermal antitjen on the envelop surf aoes 

me bralT "* •>» isolatin, the pi 

from oh! s " " a "' iSera - " S ^""1V. -ay be recovered 

fro. the serum of female animals after repeated immunisation with 
washed sperms. Optimum bindin, capacity must be attributed to 
sperma! anti g en-specific. hi g h affl „ lty nonoclonal 

strenoth" " indin9 '«——«». Bindi„ g 

strength may approach that of cov.lent bondin,. with todsys 

b^es S h P0Saib1 *' t0 °- 10 » naturally occurin, anti- 

I , ' " ay " a " a tW " " " or » bin<ii ^ reco g nirin g 

bold 1 : ' di " e " nt StrUCt "" 1 — • ^ * 

bound to sperms even if the structure! surface elements of envelopes 

»uh?: r identicai - sinuac » 

"1th a protein (p roteia £ou „ d ^ ^ Staph yl„_ 

: „7:r aod Hr™ ai apar - ai Mti '-^ -t^.: 

hat It 7' SPSCi£i " 11 ' bi °"°* «"» "i,a affinity to 

that part of a „ anU b odv that does ^ » 

When t . u A u b0Md to menbrane . inherMt ^ c f P the > 

offered , JT «"v.n-specif ic antibodies are subsequently 
111 M ? "V™^ thM "itb protein A. the antibodies 

will bind with their ^ parts to the envelopes, th us -extending 
their sperm-specific anti g .„-bindi„ g elements outwards. Envelop* 

erv sPecifi^n Pr ° t61 " * ^ ™ ">* bl ° ° £ 

»ery specifically and firmly to sperms. 
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Another phenomenon based on non-specific adsorption of proteins on 
surfaces may be utilized for forming very strong specific bonds 
between envelopes and sperm surfaces. This so-called "coating" 
(covering) of surfaces is made possible by the high non-specific , 
binding capacity of proteins for certain surfaces such as cell 
membranes, synthetics or glass. Particularly suited for such 

coating" procedures are e.g. antibodies. In the method of the 
invention, sperm-specific antibodies are used for covering the en- 
-lopes (vesicleS( especiauy liposomes)< ,, Coating „ ^ ^ ef *- ted 

with spermal antigen-specific monoclonal antibodies, purified 

^'r, antib ° dies or with « e«Hy Prepared high-titer anti- 
serum. Envelopes covered with such specific binding molecules show 
the following advantages: 

(a) simple and rapid preparation of actively binding envelopes, 

(b) high stability of the envelopes, e.g. no auto-agglutination, 

(c) with high-titer antibodies or antisera, no previous 
purification of the actual sperm-specific antibodies is necessary,and 

(d) very high binding capacity for sperms. 

For direct as well as indirect binding of envelopes to sperms, the 
specific binding structures may be stabilized by adding bond- 
promoting molecules (e.g. albumin, transferrin). 

The envelopes of the substances to be transferred by sperms protect 
their contents from enzymatic or other modification and bind them 

enUl e SP r S * ^ " 6nVel0Pe " refe " t0 S * ste » ^ ^ther 
entraps the substances to be transferred or is capable of forming 
aggregates therewith. 

Preferably used as envelopes are vesicular structures, the sub- 
stances to be transferred being either contained in the lumen 
thereof as an aqueous suspension or, if they are lipophilic, 
integrated in the walls of these vesicles. 

The walls of such vesicles may consist of lipids or lipid-type 
materials that show high stability in aqueous media. 
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Suxted for aggregation are materials permitting direct addition 
(Without lum.n) to the substances to be transferred without 
denaturing these substances. «ith the aid of calcium phosphate 
or hxstone protein, granuiae may thus be prepared fro. e.g. 
nucleic acids. 



Slopes of the above type must meet the following requirements: 
They „ ust ist of molecules cspabu Qf 

substances without impairing them. 



(a) 
(b) 
(c) 

(d) 
(e) 



Their surfaces must show structural elements that permit 
binding to the surfaces of sperms. 

The binding form must not negatively affect the ability of " 
the sperms (or parts thereof) to fuse with the target 
cells. 

Their size must be a mere fraction of the size of the 
respective sperms. 

They must be capable of decomposing within the target cell 
due to enzymatic degradation or the like, so as to release' 
the transferred substances. 

The wide varietv of envelones meet-i n« >-u~ 

W£ enveA °Pes meeting the aoove requirements will 

be shown below. 

»s mentioned before, the surfaces of some microorganisms and 

'soer.r\ Pr0 " idM """"" «P«l«e binding 

ce- LT VlrUSs «" ci »"»" <"> =Par»s of fish infects the eg, 

lllla? De r" in ' ""^ " th ° SP «" *«• iS 

ar In 7 T * S " irUS ° e " b "°" " « U "* US - «"roorganis„s 
«« in themselves « sort o£ wwlope> they „„ perfectl suiMd 

'" na£ " Mth ° d t "" 1 ' 1 "' «P«". But they can take up only a 
limited number of substances and are technically .or. difficult 
to handle isolation, reaggregation of components) than tha natural 
or artificial lipid membranes described hereinafter. Certain 
receptors from the membranes of viruses or microorganisms may be 
integrated into lipid membranes, serving therein as structural 

orot.f 7' r C " iC bi " di ° 9 a ' fl ° U * £ °' S *«* s "«»• "ceotora. 
protein A and the like). 
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Lipid membranes may be recovered without problems from substantial^ 
any animal cell. For the nethod ef ^ inve J*""*" 11 * 
- a is that ^ selected ^ ^ ^J^^- 

to h f a " CteriSti « that P-it direct or indirect binding 
an easHy obtainabie starti „, substance „ they 

extendi 3 SU9 " Sr °° PS - t °°- tte ~-o, Jo««rds 

«ed ,o as to create newer better condition, for the desired 

"»« been entered therein) with neura«i„idase to effect clea.aoe 

» p e^ously bidden s u ,ar . ol . cul „ of£er _ 

«ys of brndln, the „esicies to sper»s. Another oossibility of 

"oil ™ H " WaU " P "" inS - E » e " of the 

~ M SUC£ *« "» «co«plis„ed fcy en!yma£ic „ eatment 
ee nods. Of particular interest in this respect are glycoswl- 

star bleT T ""^"^ ^ " C " in "»« -Ucules'to the 
of binding possible. 

usecl^bi'! 3 £U " haC enb0di ""- «P«-.p.cific antibodies are 
loots o '„ at °" : S " Ued tOC th " W" — 

ant 5 enic structurai elements on sper.s ^ the tu<J 

u i s can easily be connected to each other thrown b talent 

inch b :* e r r'T 1 * 5 - Tbe bi ° ehMi " 1 ~*» °* 

such biological membranes prevents 

s prevents transfer of undesirable sub- 
stances such as common viruses 
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lipid membranes of the above type may aiso be set u„ 

from the respective lipids. Holecuies (cereb ro Ues T ^ 

and tb. ii.ce, must bowever be incorpor Z l " u' '"7"'" 

their structure! eiements protrudioo from th \ 

«rect or indirect bindin, to sp^I ^ 

Other r , Md/oc inoc3anic subjtiMM 

« ppin , th e substances to be transferred. * for. of ,ra»u - 
caicrum phosphate precipitation of DMA. „„at physico-chemical 

ZTZuTl"* " Lted 

t0 ce H membranes possible is nr.*. „...«,, 
the m *fh^ . h **ioie is not yet fully understood, but 

the method as such is practicable. 

i™ main,. DHA to hrstone proteins. The histone enve- 

f™ d. I" * StabUm "* <™«°" « provides some protection 
from de,radatic„ to the ON,. Houever. for improved bindin, to 

IZl ^tone-associated =„„ is advanta, ous y 

erratics and ofrer added protection. 

deol T % ° £ SUbS "" C ' ShU1 ^ » the tar 5 et ce-s 

< . 11 specmc purp °" ° f su = h - »«h : 

the invention may serve three objects: 

(a) production of transgenic organisms or transgenic cells- 
<b> usees a test system for determining the effects of 

substances in somatic cells and egg cells in particular; 

<c) use as a technique for studying embryogenesis and teratology 
ia vivo and in vitro. y 

Depending on the object a nlursiif,. * 

- JB "' a Plurality of substances may be trans- 

ferred according to the method of th* < , 
oroBnefl , ,. ... "etnoo of the invention. Due to the 

proposed technique of simultaneously preparing envelooes and 
e c osing therein the substances to be transferred, tne most 

w ho" iTZ'l ^ ^ 6ntraPfed * the «- — - 
w-thout the need for specially deve^^H „ « 

y aeve.oped processing steps. 3inding 
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to sperms and thus transfer to the target cells is not dependent 
either on the type of substance within the envelopes. 

Transgenic organisms or transgenic cells can be obtained only 
by transferring genetic material in form of nucleic acids. A 
plurality of different genes useful for improvina production are 
available at present or will become available in the near future. 
Of parricular interest are: the gene for somatotropin (growth 
hormone), genes for various milk proteins (caseins), use of 
anti-sense DMA for controlling specific diseases, and use of genes 
for producing vaccines in large quantities (genetic farming). 

The invention makes use of the phenomena of natural fertilization 
(fusxon of sperms and eggs) and of artificial insemination proce- 
dures (manipulative transfer of sperm) to provide a significantly 
simplified method of transferring genes to organisms wherein 
conventional techniques such as embryo flushing, micromanipula- 
tion, surgery and transfer of embryos era avoided. 

The procedure by which the, desired substances (genes) are oreoared 
is substantially the same as in prior methods of producinc trans- 
genic organisms. Recommended is use of special integration and 
expression enhancers (metallothioneine promoters, long terminal 
repeats) to facilitate integration and expression of the genes 
thus transferred. Nucleic acids (genes) in linear or circular 
form are either entrapped in artificial vesicles or processed with 
specific proteins and inorganic salts, respectively, to form 
granulae . 

Prior to actual use in medicine or in places where people are 
working, many substances must be tested for harmlessness to the 
human health. In the last years, public criticism of experiments 
with animals has been steadily increasing so that the authorities 
of several countries now demand alternatives to the use of 
animals in the necessary preliminary tests. 
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Iccor^ng to th, aethod of the invention, a ouititude o£ substances 
ay no. be tested for potential pathogenic effects directly on 

stages, th. prevtously employed technigues such as fusion or „icro- 
injectton „rth their strong side effects being avoided i„ this 
»a„ner. ested by the .ethod of the motion „ay be e.g. . min0 . 
acids, porphyrin or antibiotics. 

To facilitate verification of the successful transfer of such 

« aute quantities of practically undetectable substances, so-called 

racers-may be added and transferred within the same envelopes 
Illustrative of such tracers are saall genome units that undergo 
self- r e P n C atio n in the course of embryonal development (episomal 
Bovina papilloma virus and many others); presence of such units 
n embryos is relatively easy to verify by means of DMA hybrid- 
ization techniques. Testing in the above manner may be conducted 
not only ln vitro but in vivo as well without involving the 
organism of the foster mother . Enzymatic transformation of many 
substances by the maternal organism frequently prevents in vivo 
investigation of embryopathogenesis . 

Many phenomena of gene regulation in multicellular organisms 
cannot be adequately investigated with today's techniques. The 
Proposed method wherein soer»s are used for transferring gene- 
regulative substances such as peptide hormones, steroid hormones, 

lo2\ I*" ° f nUCl6iC UirUSeS ' ^-<=ers, anti-sense RNA) 

to egg cells or somatic cells avoids the disturbing side effects 
or presently practiced methods and offers a greatly facilitated 
technique. Even studies on gene regulation, embryogenesis , 
organogenesis and teratology, in vivo as well as in vitro, are 
•nore simple technically when conducted according to the invention. 

in principle, two types of cells may serve as target cells for 
the substance-loaded sperms: the natural target cells of soerms, 

•e egg ceils, and all other cell types of multicellular organisms, 
including transformed ceils such as teratocarcinoma cells. 
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Egg cells of many invertebrates, fish and amphibia are extra- 
corporal^ accessible (spawning). The egg cells of most higher 
vertebrates lie more or less hidden in the primary reproductive 
organs (sexual organs) of the female. They are accessible only 
by surgical means. Sperms alone are capable of reaching the egg 
cells within the sexual organs of the female and transferring 
(aided by the method of the invention) additional substances to 
these egg cells. Bovine sperm covers the long distance between 
the site of sperm deposition (natural as well as artificial in- 
semination) near the cervix and the ovarial end of the fallopian 
tube within a few minutes. The slow proper motion of the sperms 
(0.2 mm/sec.) is strongly enhanced by ciliary motion and the 
activity of secretory fluids within the female genital tract. 
The egg cells of all higher vertebrates ( intracorporal insemination) 
are covered by a protective layer of nutrient cells, the so-called 
Corona radiata. and an inner mucopolysaccharide layer, the so- 
called Zona peilucida. Lysosomal enzymes contained in the spermal 
acrosome enable the sperms to penetrate the protective layers and 
fuse with the egg cell. In this so-called acrosome reaction 
sperms lose their foremost head portion of the outer plasma 
membrane but retain the rear portion of the plasma membrane with 
any substance adhering thereto until they have reached the cyto- 
plasm of the egg cell. For in vitro fertilization, the protective 
layers surrounding the egg cells are often removed bv physico- 
chemical means before sperms are added. 

In vitro, i.e. under artificially created conditions, sperms may 
even enter into somatic cells (Brackett et al., 1971: PNAS 68(2): 
3 5 3 ) • 

A further use of the method according to the invention is thus 
possible, namely transfer of substances to somatic cells and 
transformed embryonal cells, e.g. with the object of conducting 
somatic gene therapy. 

The advantages of the method according to the invention reside in 
the simplicity of sperm treatment: sperms need not necessarily 
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und.rgo endocytosis with , MieUs or , ra „ uUe 

the substances to be transferred but may carry the™ .pick— 

ITL I" T seernal " ,e "' bra ° e int ° the e, » " U « —«« «« 

where the transferred substances beco.e effective. 

a N ccordI„, l to q t h' , " nt " """^ PC ° dUCi ° 9 «»~« 
accordzn, to th. method of the invention. Needed is , vessel for 

i t en"!':': 3 bU " d ° £ VMUl " " - 

» ep«din, on J "! 1 """ <1 WUd — • 

ulno- °' bi " d ""' addltl °" ° f ' •»«"«»- 

H o h I T " 3 , * """"" " " * """" 

^ SP * CM - " «~Ut. incubation 

period the blend is used for inz.minatin, oestric animals ,i„ ' 
vivo, intracorporal fertiUzation! or added to eg, cells (in vitro 
extracorporal fertilization,. Xn the method of 1 invention ' 
each sperm becomes a vehicle for vesicles or granulaa. The 
number of tr.nagenic descendants actually obtained therefore 
depends on the rate of inclusion (percentage of ON»-contai„i„g 
vesxcle, bound per sperm unit) and the rate of natural fertiliza- 
tion (successful pregnancy after insemination). 

a»d e th al i y t '' he ° ■"""" te ■*~ tta » sheeo 

and he U k . are to be produced in accordance with the method of 

the invention, established animal breeding organizations may b. 

involved. Most important by far for th. method o, the invention 

for l ns e .^ S !I in "t°" """" " h " e p "«»* ll V all sperm specimens 
for zns.mxn.tzn, Ml ., u ind d.scend.nt 

generation are obtained. 

To bring about improvements in each new animal generation (the 
only useful object of breeding), breeders presently rely on 
selection of optimum sires which have to pass a series of time- 
consuming efficiency tests. Annual advance in breeding depends 
not only on strict selection but also on the respective generation 
interval which is about 5 to 7 years for cattle and about 2 years 
for sheep and pigs. Firmlv establishing a new characteristic 
(trait , gene) in an entire population by cross-breeding is a 
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long-term venture since very few animals are suited for the parent 
generation. Factors such as original number of parent animals 
generation interval and strictness of selection may retard intro- 
duction of new genes into an entire population when the hitherto 
accepted breeding methods are employed. Moreover, a number of 
useless or even harmful genes will be passed on to the next 
generation together with the desired gene that was the reason for 
cross-breeding or selection. 

Another advantage of the method according to the invention is 
the elimination of many disturbing factors. First of all it is 
now possible to transfer a single, gene without carrying 
along other useless or undesirable genes as is the case in cross- 
breeding. Secondly, the selected gene may be introduced at one 
and the same time # into all descendants of a population. For this 
Purpose, one merely has to treat all spermal specimens with the 
oene-containing vesicles (or granulae). Presence of the transferred 
gene in the organisms of the descendant generation is easily 
verifiable (e.g. by taking blood samples) so that, thirdly, the 
generation interval is reduced as the animals may be used in > 
breeding at a very early stage. A multitude of genes is available 
which should, of course, not be introduced at one and the same 
time; suitably, a single gene (or a small number of genes) per 
animal is introduced during the course of natural fertilization, 
.his procedure is particularly preferred for experiments wherein 
individual (new) genes are . tested for specific effects, 
efficiency or effects in various positions. 

The method of the invention is ideally suited for today's breeding 
techniques. In special cases, e.g. when embryos are to be exported 
or imported, the low transportation costs of embryos treated in 
accordance with the invention are of particular advantage. For 
this case, pre-ovulatory eggs may be fertilized in vitro with 
substance-loaded sperm and. after successful development to the 
morula stage, subjected to deep-freezing or short-term preservation; 
they may then be shipped as transgenic embryos to any desired 
place at low cost, 
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Transgenic animals are required in research too for , 

specific questions As sr +i«„< , , ' r lnve "igating 

animals is easily^ ,<l lns ^nation of laboratory 

18 eas ^y accomplished, the method «.u • 
Perfectly suited for laborator p c ^ « "-«ioo is 

on fertilization i n vitro JJiJ, " " £ ° r ""<"•' 

of the invention regu res \es7t 'Y""*"" ** aethod 

«. e ^ b r*;? pe "— 1 «- « 

1 eabr y° a nd) gene transfer. 
EXAMPLE 1 

(A) Recovery and concentration of genes. 

"ethoden Halter h. ,- Biochercische arbeits- 

ooen, waiter de Cruyter, Berlin- O'd s w .< 
'S81: Principles of Gene Hani™,,,. Pi-rose. S.B., 

«anlatis et .1. ,982 „<,?. , ' Sl>Ck " eU ' °* f «o : 

1.. 1982. Molecular Cloning. Cold Spring Harbor). 

A »ultitude of known DNA fragments from , 

available at present in , variety of species are 

available are 21, \V ^ "oPo.it.ri.., . Uso 

derived ro a i !"„ T" ~" °* «*•»" 
t= the casein g.nl o "cattle t '"'' S "" iD9 

-eral tnousjds or b L. , "T" — - " 

of restriction ensynes ts "~al v ^""* M * IySiS ' a Cha " 
through all possible end n I T ^ '"T amPlri " U > 

is known bv tetr, „ ,. oreases or, if the nucleotide seguence 

-wn res^U" In Z^^TT' ~" * 
Holecular Biology " """" 

"p~t frTssTon? ^ i ~ ° £ ^ <" 

that induces transcript ""^ PS " ° £ " «- 
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enay.es. The Bam Hl!fr,™L! 'T" 00 '-" 10 " sit « f - restriction , 

with ,00 unite of Ban HI 1 T T 9r0Kt " h ° C "°" e ' 

terminated by addino , s " J' *"° h0UrsK D ^» i »» "action is 
Molaoular Cllino lid s SOlUtl °° <Mani " iS « al - 

applied to 0., o a :ir~'; " iXtU " 

enayme ara electroohor^i ,.' £ ™g.e„ts producad by th. 

ctu^-^r: =; e \r::r rrr- 1 — 

The metallothioneine promoter (MTI .... 

fragment. Oeee the -rLI^ ° ™ EC ° " " "» 1 11 

'082: Molecular c-» """»"»»* *ene Method: Haei.tla et .1., 

"eterie! set up <„ ^1 »f the ■>«» 

incorporated Uioatad PC °°° ter "* *™ «• 

- bacteria. ^^^2^^' tra ~ i0 ° 
""own plaaeide ia pBR 3 22 th « I U " Uml ' ed Propagation. A veil 

Plaaaides. It comorises "aril °* 

■or^in . f repiice,, r,; r „r;::" u functi °" ai eie """= 

to antibiot'oa [„„,,„' ° « ,M * codi "» £ or resistance 

to bava varlona a! ^ — **— *« are Known 

to en ever increasing e' entTe'tb" 0 " "* M ' °" d 

ahow a lsr „ . * " **' *" the ao-called polyUnKers which 

large number o£ recognition sites for . . 
enrymes within a .» ... . reetriction 
..' . S Very shor t nucleotide sequence (50 bp) thus 

offering many possibiliti«« „t t . 

and as a IT " ° £ "combination. Polylinker pSP 64 1 

--^rj^r ~: ~« - « - -° - , 

"r-er;::: r:::::::rtr r rT thus — 

desired gene to oh* a ,- . 6qUence ' t0 °' so that cloning of the 
Per b atch) ia IZT* ^ ^ ^ - 
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The HT-structural g ene fra g ment is li g ated into pointer p., « 
the fra g me„t bein g prMeBt in ^ ^ P Bgl Il/Bam HI ' 

am « PolylinK.r P SP S s aiso has on. E co RI- and Z Z ll 
° f th " e »«Ua i„ UnearU.tion of the 

the fra 9me „t to be inserted ha»e thus been created. Ration 
through automation. and th , desited ^ ^ • ^ 

.Uhtrp^cr" U WUCabU tC alm °" "» 10 "^nation 
with any promoter or additional enhancer elements. 

«an^»ariatlo„s or a.ttino up a modified g e„e (and not or usi„ g 
natural ,e„e relators in £r ont of the atructural g .ne. are 

t io aceordanee with tbe 

o t!T and any pro ° oter " weu " additi -* 1 

for " <=onfi g ur.tion of various promoters may be used 

for^mprovm, the activity (transcription, of the structural g e„e 

As a r«U, the g .„e is now pr „ ent „ ^ o£ ^ ^ 

Tr ls . 0,001 „ EDT*. 0.(5 H PBS : p« 7 . 2) a£ter havl „„„ 

fled in phenol/chloroform. Por the subse g u.„t steps of the me hod 

=::r:; b """ n 200 - d - — «~* 

«B) Preparation of liposome components. 

sTrat C th ry n °r Plete 9e "°" eS " ithi " th6lr D »»-P«««ln g -branes 
on the rate l lnt ° """" ^"nces 

soerms b i°° 9 Vay " S " CeUS - In ">« "urse ovolution. 

S S £ ' irly " lUbU in ">» "N» compressed therein 

the s! r9St CeUS " <,0 " eV "' M DN> U " 'acted .ithin 

sperms T*' T atte " PtS " actional g enes into the 

sperms were bound to fail. 
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Additional DN» attached to the 0 „ter surface of sperms .ust 
therefore be protected if it is to safely reach the ea, cells 
B« .u ted for this purpose are artificial!, preparole , 

co ' ^ T ! £ UPOSOB "- UPOS °" eS >~P«*< «*- -tural 
exponents of ani.al cells. Such co.ponents are co..ercially 

available in for. of phospholipid (lecithin, phosphatidylethanol- 
«oe and the li*.,..^ opUmlM pceparation o£ J 

add tional stabilizers such as cholesterol, phosphatidylserine 

HIT. "** USed - * ,taPl ' ° £ ° b " i ° 1 ^ th «U1- 

ZTlZ T* 0 "** 15 — « ghosts", i.e. fat-soluble 

rabbits - " TOtS ° £ erythCTC '" s - F ~ this purpose, blood of 

r=f tV ! batC "'- The f " sh *»«** 1. contrived at 3.000 
under bei °' d, "" Ud - Th * iS "P"*- -ice 

cyt °i V H " W "" «^-Vtes. th, leuco- 

cytes in the interphase being discarded. 

The cells are then subjected to lysis in distilled water with 

dii. . T" ° V " ° l9ht '° br " k °™ the —»*•■>• and 

t "Is It o e » n „ U ?°" te ° tS ,h ""^ 1 ° bi "'- ^ centrifu,in g three 
ti.es at 0.000 , «.„. th, ...bran, fr. g .,„ts are separated 

™t haM09 ^ bi "-«"'i"^ 9 supernatant. The pellet is then 
therl^ * Chl0ro£or -/»«'«nol .ixture U0 .1. 5:1) , nd milIed 
arl tn Und " 9e " tU citation. The li^id TO lecules 

are thus dissolved in chlorofor. while hydrophilic substances 

atTl !r OUS PhlS '- The " iXtU " is «-» c«trifu,ed 

at 3 000 rp.. The upper phase contains water-soluble co.ponents. 
the interphase a.phlphUic substances, and th. lower (chlorofor., 

and olv C °° P0Be " tS - «•«• P»"-Phatldylcholi„e. cholesterol, 

end ^lycolipias constituting the bindi„ g -spe=if ic epitopes of the 
pxspective liposomes. Concentration of the .ain co.ponents .ay be 
deterged by hi g h-pressure li q uid chro.ato,raphy ,„P L c, but such 

standard T *" Preparation is perform urfer 

standardized conditions. 

Of the recovered lipid/chloroforo, solution, 4 *1 are used in tta 
subsequent preparation of liposon.es. Required is a 25 m l round- 
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bottom fia sk wherein chloroform i 

— of a rotar, evaporator or an " ^ ^ * 

The residue a hiohl 

" the ° di "° 1 ^ m , .1 of diet J cther " Uh The lipld! 

According to one of th. 

'—ion. , u c M ^;~^. S according t0 the 
combination b6ln? ^1*1 ^T* CMm " CUU '- • — 

ferine «„ . ^ J" - «- .U„, cholesterol. p „ 

Th ° exponents ara al „7. a »lPha- M „ n0M , roup . 

« described before. " of 5:,: 3!j Md , vaporate<J 

"«y stable w cell-co.patible 

Phosphatidylcholine and phospnau'!? 8 ::" ° btai " M •» using 
«*««'• The 5e compositions i„ a ratio 

'"argent method desoribed J*^"*" 1 "* ""ed for the 

Membranes of sn^r-m^ 

vi sperms mav b*» ..^j 

Sparms freed of s.mina ^Zl ^T^ " * «*«-«. 
tic "ith a chloroform/met,,!", tr " ted «"'»« constant agita- 
ta U P id components o „ a ;l miXtUre " «• dissolve 

se Par « as the cmorofor. P a o =:;::;-. centri£u9in9 « * 

toe other components The Bu " al " ln9 th * components 
« "1 "guired natural membrane co T " Pr ° CedU " is «-»«T 

—ant epitopes that P^p^^"^ ~» 



Entrappment of DNA tn Upo.o«es. 



— 1 -uxposomes # 

After the membrane-^*, • 

-blether. ^ST~^ — — in 

°»A or other moleou!." ! .! ""^ - 
(circular or Unear) ls not " U " arted - The form of dm* 

spends on the coocentr.UoVof 0 Ti' InClUSl ° n " ' 
Preparation of „„ ich has been ™* » t"« -dueoes solution, the 

"cod. the fe„ femtollter. ^ ** " U1 b ° «— " 

f "" *J«o«s s„ lution con '*"*" llr Uke " 'an=a PS „l at i on) 

the more dissolved molecules. 
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the higher the concentration of dissolved material To for. 
liposomes and enclose H»r.< n To focn 

* 500 ul volume (ion T ,Ue ° US VOlU ° ina ' tm di «ol»ed in 
is now added f 2 °° - "0 M PBS) 

aqueous pnase »d ^ tMS " ann "' • » 

e-ulsion is obtained D ! *° * ^ UntU * £i " e 

Cellar s ructu es « spherical uni- or multi- 

evaporates „ par T " ^ * ,MM! «»« 
volume of \n. a V " iCUS thUS £ ° r " i '" • «~U 

u zzut: r;r is5oivea - *~ « 

-e membrane cpdnent,^ ^ t^LT " 

aspirator under gentle^ ao 1'."^ « " 

Here ^.S^? 0 - P " P "" i0 " * <>= — „t method, 
"as* by'...ns"f , T MntS *™ " 3P0r " ed " * "-nd-botto. 

method a d r „ L 7*7 *» «•«"•« » the ether 

a detergent (sodium cholate) is ad™i».j 
Phospholipid content of 20 to so ua h \ ! " 9 " 3 

porated. W be£ ° re chloroform is eva- 

So";, 1 ~r r«° f °'"' ' £ «<* aa y er composed e.g. of 

volume (, « R anees dissolved , sodium chelate) . The 

tion fo 3 „r d " J^T ™ ™" ^ 

flumes of — — • 

'how epitopes the per it b Z 1 th ° ir S " r£M " 

contains an aqueous oh SPer " S " hUe their anfrior 

aqueous phase comprising dissolved DNA. As liposomes 
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are impermeable to m => 

e ma cromolecular «=,.k * 
Perfectly protected ' ^ tancee. .the entrap DMA u 

■olecuXe may be entrapped in U °° (e -«- DN ««'- Any other 

Hposo.ee are Ieco ,^ " i» the a... mannec , T „ e 

■«P in PBS. The rati0 eUc y ""f 9 """ « <».000 , and taken 
»• «y be repXaced vi P t „ o C l ° £»«* «y be from „ f t . 
P» i» between and 7 . 3 ^ a 1 " S ° lUtW " lo " « the 
" I" retained ,. lth ' f^ 10 * 1 " 1 concentration of 

*n e*ample of suitable b " " target ceUs). 

solution which has the folXo«~ e ** """"^ 

* —3 <* -X. S " « -V V «. 1, ' 

'he aperms (motility), 0 S % at V * of 

solution. * 0f £ ™«°se are added to the Ringer 

<P> Adsorption -of S p erms . 
The DNA to be transf 

type desired). t ... " "°" '"-p. of any 

the number of copiea d d H t ' *" " 

the aolution. . ia entrapped " the «»««tration of DMA i„ 

oraoula. that has surface""" ' defi " ed StrU " U " <Vesicle « 
"Pable of establiahio, dosTco! S "' Kta " 1 '^topes. 
«1« <lecti„s or antibod .. binding mole! 

sterically identical or very si ? ° PltOP<iS °' Li '°°°'** are 
'Perms; however, when unspecified"" ""^ °" the SUr£ace « 
-"Ployed, they may be of . ntlrelv f °™ '-".tin,., are 

missing co«p letalv . ly different configuration or 

Sperms are recovered artifici.il- „ 

Nestle a „d laboratory animal V """^ " eU describ ^ «*• 
»osa.u„ 9 x. schaper _ J » « .u « S.K., , 974! KUnstUch8 

he ejaculate by centrifugal ul P1 ' Sa!l " *« "« f "« 
•Wnger solution with 0 t rPO) " d bu «« "lotion 

collected sperm (severaX 5111^""" In P " Cti "' *"» 

oiluted and divided i n to oorti! SPer " S P " ^"Ute) is 

there may be obtained from Z. ZIL'T^ °" "» 
specimen per ejaculate. to 100 (bull) 

insemination 
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It is important for the method of the invention that the diluent 
used is free of molecules which are capable of interacting with 
the respective binding molecules. 

Before the sperms are mixed with liposomes, binding .affinity of 
the liposomes for sperms must be established. An excess of 
concanavalin A (500 W l + 50 ul Con A (50 mM)) is therefore added 
to the liposomes. The specific epitopes are thus saturated with 
Con A as schematically shown in Figure 2. 



Due to the excess in lectin, all epitopes on the liposome surface 
are occupied; agglutination of liposomes which would be inevitable 
at lower lectin concentrations is thus prevented. Lectin is added 
to the liposomes. at room temperature. Under thorough mixing, 
saturation is complete within 30 minutes. 

To increase the number of actively binding sugar molecules on the 
liposomes prepared from components of the cell membrane, 10 ul of 
neuraminidase (1 mg/ml, Boehringer, Mannheim) are added to the 
liposome dispersion and incubated therewith for 20 minutes at 37'C. 
After washing with PBS and 0.5 % BSA, the pellet is taken up in 
PBS. Terminal sialinic acid groups are removed in this manner to 
expose the sugar molecules. 
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A further possibility o£ binding u , 

1th an ejaculate free , ' "° 5 ^ u «°«"^ United 

adjuvant. Seco'I T ° 1 PUS "' a ,l """"> l «« fund's 

thLi::^ a£ter tH ° »* 

CO to 20 ml) is take'/ " dlt " nal " Mlt - P °" later. Mood 

=entri f „ g ed t Z '"l imTOni " d -led and 

serum are (p. ly 1 u ^ '«-• - «- 

surface. Antisera thu ob a^ a9 "° St ePU ° P " °" Sp «"" 
«~ even when ^t^^ * 

Sp.r.nl .»ti v .n-.p. cific a „ tlbodies permit 

po": rr.;i'nr ln r £irst the ~~ - 

ire ootained from spermal membranes and the ™. 
Prepared in the above described manner. Bival t XaTenT 

: ::: f : :; :r - — --era/eiL-r 

surfaces of envelopes and sperms. 

VllZlZ «T' r peci£ic adhasio ° ° £ " tib ° di -« - 

snti 9 e»- Imc bTnZ.Tr """^ (C °" ln "- Sp «™ 1 

trm * • C blndl " < ' Sltes ° £ «" antibodies will protrude 

fran the envelope surface and permit bindinc, to sperms. 

^snith ° f * ntiSerU " dll ""< 1 l » > "tio of 

^Js a TuZzrTz:z7\ :r:rr ation titer at 

and in^wa* j ml of ^Posome suspension 

(2 . oTr °" ar ni?ht " <-C - EXC " S ""bodies ar washed 

f Iter U 3 : i0 °' £ "" nl " U " * — ° £ * "ne-por. 

f er are "I" 5 ' """^ UpOSO »" « *• 

current « ! " °* 'o 1 " 10 " ««»*•«- 

H 12 00 ' 11P ° S0TO 5USPMS1 °" ls «utri,u,ed for 2 minutes 

in I m P " ' UC * e tt " SUlted U >°"«" are precipitated 

m I ^ WhUe UP °""" ° £ the aire ,200 t 80 ™, 

remam in the supernatant. 

Through free lectin and antibodv h^, 

the liposomes ere then bouno o th s ^ ' r " P " tiVe1 '' 

oouna to the surfaces of sperms. Liposomes 
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and sperms are cautiously mixed at room temperature so that 
adsorption of the binding molecule-loaded liposomes on the 
specific epitopes of the sperm surface is completed within 
20 minutes. 

Sperms carrying large adsorbed liposomes are recognizable under 
a light microscope by stable (not even removable by washing) 
glooular forms adhering thereto. Ethidiumbromide-containing DNA 
was entrapped in liposomes and adsorbed on sperms. Ethidiumbromide 
m aqueous solution may be entrapped in liposomes, too, the lipo- 
somes then showing a pink glow under u. v. light. Ethidiumbromide 
binds (intercalation) specifically to DNA which is then discern- 
ible in the liposomes by its green color. Adsorbed on sperms, 
it produces a green fringe around the sperms. 

When lectin-coated envelopes are bound to sperms, a large number 
of unsaturated lectin binding sites will protrude from the 
surface. To prevent adhesion of the sperms on sugar-coated sur- 
faces within the female genital tract (^.mobilization), the sur- 
plus lectin binding sites (Con A) are best saturated just prior to insemi 
nation by adding 10 to 50 U l of alpha-mannose or alpha-glucose 
(0.01 M). The exact quantity of sugar to be added depends on the 
number of envelopes, the respective type of lectin and the sperms 
and may be determined for each system by simple preliminary 
tests. 

(E) Artificial insemination. 

Once the liposomes are bound to the sperms, the sperm specimen 
is ready for artificial insemination procedures. With rabbits 
ovulation must first be initiated by intravenously administering 
a gonadotropic hormone (LH = luteinizing hormone; HCG = human 
chorion gonadotropin). Immediately following the injection, a 
sperm specimen is deposited into the vagina with an insemination 
pipette. The sperms migrate upwards through the female genital 
tract to arrive at the fertilization site (ampulla) where they 
enter the freshly ovulated eggs. 
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Together with the sperm the ™i u 

, ' tne only mechanism capable of D »npt«<.' 

all of the membranes covering , Penetrating 

into -h covering the egg cell, the gene cooies come 

:::: .:::.r::: \r£r tatauo ™ — - «™ 
«- n. t « al o.,;r: t a ;:.t;:.;: e£fected i - 

(F) Verification of DMA integration. 

DNA thus re!.,.^, a " * CeU - i " he "" t 
Successfuli^ . ° £ tnt «9"""» " 9eno„e. 

h i int ° ^ * »y ^ situ 

" S9e " ""tocyst sta,e, are washed out of the 
fallopian tube or uterus of the ratahi * it. 

particular case) and are the T SUr9lCal l " ea " S l " this 

a fixing l< ! , wobUij.-d oe an object slide by 

«xin, u, U id (.ethanol/ol.ci.1 acetic acid. 3 = ,. ,/», . * 

Object slide and blastocysts «<» b h ..w 

to e*f*r* h oocysts ^xed thereto are heated to 90«G 

III denatu -tion of complementary DNA strands of the 

chromosomes. HvbrirH - 

labelled or „ ^ Cld " atl ° n U inducted with a radioactively 
-11 and Pardue, „ 69: ms £ r^J^r.,!"'-'"- 
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EXAMPLE ? 

Transporting Non-Nucleic Acids by Lino. 

_ . as ° v Liposomes into Egg cells 

To demonstrate the possibilities 0 # 

sperms, the enzyrc pronase and col tr ansport by liposome-loaded 

were transferred to egg cells of l^" 11 ° leaVage inhibit «> 
a negative effect on the development ^ 
essential stages of cleavage < S pindl e I 2yg ° te ' inhibitin * 
cell metabolism (by proteolysis) r f0rraati0n, and - ■«« of all. 
-stances remain L'tJ"^* 0 :"' 

zygotes fertilized with sperm th „ 96 " 2ygotes ' while 

liposomes sho* 

<*> Preparation of liposomes. 
Used as components of the li^««~ 

(8 «g) and gangliosides tl^T a l T*~ "* ^atidylcholine 

a detergent. Phosphatidyl!^ li " " g) padded 

dissolved in methanol I^X* ^ ~ . 

a glass fl ask . Sodium chQlate J d ^ respective volumes in 

thorough mixing, rae thanol i s e 1 V" " 3 

evaporator or an aspirator 7°"^ ° V raea - °* a rotary 
the inner surface of the flask. ° PaIeSCent laver th us forms on 

<B> Entrant of the substances to be transferred 
To the solid phase on the inner s 

solution of substances is *«a * . °* ° f * he flaska n aqueous 
-on of pronase * ^TT^ 

concentration of colcemide e 7 SO / Ph ° Sphate buffere * "line), 
aqueous solution added is 1 "T* n ^ ^ t0tal amount <»* 

the lipid-containing layer on the^ *° **' ° f 3 dete ^ent. 

solves completely. The mixture is T"*?""" of th * "asx dis- 
5 hours under constant j££ £° ^ M ™ *>r 

having a molecular weigh! below , Per " eable m ° leCUleS 

evaporates, and spherical bodxes Q 1 f^" Ch ° Ute 
to be transferred are formed r , P ° S ° meS > containing the substances 
tained after dialy sls th " *° SOmeS ° f va ^ size are ob- 

i.e. below the visibility JL^IT ^ ab ° Ut 600 nm < 

within these liposomes is a b * & | ^ mic «scope; contained 
be transferred, solution of the substances to 
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(O Surface treatment of liposomes. 

As the membranes of the liposomes show terminal fl i.i« • 

^oups, 20 ug/ml of neuraminidase are aaaed to t 

remove thesialinic acids of .v, liposomes to 

thus reduced - the liposomes is 

QUCed ' and su 9*r molecules originallv hi,w- 
acids are exposed to serve as addiM ? I ***** sialinic 

such as Con A and PNA After 30 i ^ -lt ~ f ° C l6Ctins 

neuraminidase (3 7'C) Con I 1 * ° f incUbatio " ""h 

the suspension The ^n * ^ ^ ^ « "*« "> 

-us saturated with ~ ~ 
ture). , " mln ; « room tempera- 

'»> Calibration of liposome.. 

The sperms are advantageously load.H .,<... ' 

so.es as oversized lij ""-calibrated lipo- 

*. various II ' a " HT^Tp u ""^ '""^ 

cannot ta*e up ade q uate volume, of sub. al. Z ' 
XXposo«es are therefor. / s <">stanoes. The surface-treated 

Pore sx*e of f Ue" 11 ! " 0de "" P """" «••• » 

lectin, and •—»!«• Uposo.es as „e,x as 

* fraction ccmprisino medium-. 1 al l n * "* ^ ta 

ThXs fraction (about 1 ... " <»«ersired liposomes. 

■2.000 a to 1 1.1 ««ri,„,ed for 4 minutes at 

' uuu 9 to Palletize oversized Hr^*.~ 
desired size remain in thl ! Up ° SOraes - ^Posomes of the 
remain in the supernatant. 



(E) 



Adsorption on sperms. 



The remaining surf ace-treated and calibre , • 
is then added to sperms. Freshly e ^ T fraCti ° Q 

centrifuged for 10 seconds at 3 0 ^ ° f " bbitS iS 

discarded. The resulting spe m p lTu t \ T ^T"" b ^ 
-lution (0.5 ml,. Li J om l ar ° d ~ * linger 
and incubated at room temperature f« 30 mi ^ 
Pe-d, the liposomes be co rae boundt ^ . 
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(F) 



Artificial insemination and verification of substances 
transferred into the egg cells. 

Liposome-loaded sperm is now used for inseminating animals. After 
two days, the embryos are washed from the genital tract of the 
test animal and inspected under a microscope. Control embryos 
fertilized with sperm carrying "empty" liposomes show normal 
development, i.e. .they reach a four-cell or eight-cell stage 
wxthxn a period of 48 hours after fertilization. Egg cells 
fertilized with sperms that have been loaded with pronase- or 
colcemxde-containing liposomes are still i„ the zygote stage 
(i.e. a single cell which, in contrast to the unfertilized egg 
cell, shows two polar bodies, thus being identifiable under the 
microscope) after two days, some cells even showing phenomena 

Presence of two polar bodies in an otherwise undeveloped cell is 
clear evidence that the cell was successfully fertilized but 
inhibited in its development by pronase and colcemide transferred 
by the sperm. 
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1 CLAIMS: 

1. A method of transferring organic and/or inorganic sub- 
stance(s, to egg cells and/or static cells of animals, 

fxed by chemical or physical means, are combined with 
vesicles or granulae containing organic or inorganic 
substances, whereupon the resulting loaded sperms are 
contacted with egg cells or somatic cells under intra- 
iQ corporal or extracorporal conditions. 

2. Method according to claim 1 wherein said vesicles or 
9ranulae consist of organic or inorganic substance(s, 
provided with envelopes. . 

3. Method according to claim 2 wherein said envelopes 
comprise: 

(a) naturally occuring cell constituents 
(b, substances of viral and/or micr:bial 'origin, or 
(c) (synthetic) inorganic or organic material. 

4. Method according to claim 2 wherein said envelopes 
comprise one or more substances selected from the 
group consisting of lipids, phospholipids, glycolipids, 

25 xsoprenoid lipids, lipoproteins, proteins, glycopro- 
teins, saccharides and/or organic or inorganic salts. 

5. Method according to claim 1 or 2 wherein said vesicles 
or granulae are bound to sperms by addition, fusion 
with the spermal membrane, or endocytosis. 

6. Method according to claim 1 or 2 wherein said vesicles 
or granulae are bound to sperms by van der Waals' for- 
ces hydrogen bonding, ionic bonding and/or covalent 
bonding. 

7. Method according to claim 1 or 2 wherein said vesicles 
or granulae are bound to sperms by adding organic and/ . 
or inorganic substance(s ) . 
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8. Method according to claim 1 or 2 wherein said vesicles 
or granulae are bound to sperms by means of antibodies 
and antisera, respectively, lectins, agglutinins, viral 
procaryotic or eucaryotic receptors or receptor-like 

° molecules, 

9. Method according to claim 1 or 2 wherein the substances 
to be transferred are selected from the group consis- 
ting of amino acids, peptides, proteins, glycoproteins, 
lipoproteins, coenzymes, metabolites, enzyme inhibitors, 
transcription or translation inhibitors, metabolism 
inhibitors, mitogens, nucleosides, nucleotides, nucleic 
acids, porphyrins, lipids, preferably phospholipids, 
glycolipids or isoprenoidlipids, m0 nosaccharides, oligo- 

- saccharxdes, polysaccharides, glycosides, hormones, vita- 
nuns, pharmaceutic agents and inorganic substances, 
preferably metallic compounds. 

10. Method according to claim 1 or 2 vmgmLa the substances 
to be transferred are selected from the grouo consis- 
ting of nucleic acids, preferably DNA in linear or 
circular form, single- or double-stranded, as a hete- 
roduplex, or RNA. 

25 11. Method according to claim 1 or 2 wherein, deoending 
on the target cell, there are used sperms of'Metazoa. 
in particular of animals of the phylum Arthropoda, 
the subphylum Vertrebrata.the class of Osteichthyes , 
Aves or Mammalia, i.e. of the order of Perissodactyla. 
Artrodactyla, Lagomorpha, Rodentia, Carnivora or Pri- 
mates, the suborder of Prosimiae, the superfamily of 
Ceboxdea or Cercopithecoidea, the family of Hylobatidae 
or Pongidae, 

35 12. A composition comprising sperms o£ animals and. bound 
thereto, vesicles or granulae containing organic or 
xnorganic substance(s ) . 
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1 13. A composition according to claim 12 wherein said ve- 
sicles or granulae consist of organic or inorganic 
substance(s) provided with envelopes. 

5 14. a composition according to claim 13 wherein said en- 
ve lopes comprise: 

(a) naturally occurring cell constituents, 

(b) substances of viral and/or microbial origin, or 

(c) (synthetic) inorganic or organic material. 



10 



15. A composition according to claim 13 wherein said en- 
velopes comprise one or more substances selected from 
the group consisting of lipids, phospholipids, glyco- 
lipids, isoprenoid lipids, lipoproteins, proteins, 
glycoproteins, saccharides and/or organic or inorganic 
salts. 



16. A composition according to claim 12 or 13 wherein the 
organic substance contained in said vesicles or gra- 

20 nulae is selected from the group consisting of amino 

acids, peptides, proteins, glycoproteins, lipoproteins, 
coenzymes, metabolites, enzyme inhibitors, transcrip- 
tion or translation inhibitors, metabolism inhibitors, 
mitogens, nucleosides, nucleotides, nucleic acids.por- 

25 phyrins, lipids, preferably phospholipids, alycolipids 
or isoprenoidlipids, monosaccarides , oligosaccharides, 
polysaccarides, glycosides, hormones, vitamins and 
pharmaceutic agents. 

30 17. A composition according to claim 12 or 13 wherein the 
organic substance contained in said vesicles or gra- 
nulae is selected from the group consisting of nucleic 
acids, preferably DMA in linear or circular form, 
single- or double -stranded, as a heteroduplex, or RNA. 

35 

18. A composition for use in the method according to any 
of claims 1 to 11 comprising in an aqueous medium 
substances ) to be transferred and optionally material 
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1 su^ed for entrapping or binding said substance(s) 

to sperms, as well as preservatives and/or, in parti- 
cular, buffers for adjusting the pH in a range of pre- 

5 to" 0 3 ^ 10 ^ t0tal m0Urity at 3 Value ° f °' 001 

19. A composition according to claim 18 wherein the sub- 
stances to be transferred are selected from the orouo 

10 teinsT* ^ 3,0100 ^^'^^^^teins.glycopro'- 
10 ^^Poproteins.coenzvmes.metabolites.enzvmeinhibi- 

IZLllZ^llToT " tranSUti0n inhibi tors,metabolism 
xnhabxtors. mitogens, nucleosides, nucleotides, nucleic 
acxds .porphyrins, lipids, preferably phospholipid! 
glycolipids or isoprenoidlioid, « 
l<5 saccharHp , Prenoidlipxds, monosaccharides, oligo- 
^ s Char ; deS ' POlySacch -^s,glycosides, hormones, vita- 

lLLT mfCeUtiC S9entS ±n0rganiC -stances, 
preferably metallic compounds. 

20 ^ n J g \ n h iC . animals according to the method 

20 set forth an any of claims 1 to 11. 
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Prior Techniques of Producing 
Transgenic »ni. M . 



DNA 

transfection 



^AojT totipotent 
<^y*S£K cell 



retroviral nucleus 
infection \ replacement 



w transfer 




DNA 

microinjection 



unfertilized egg 



roinjection 
fertilized egg 



early cleavage 



^retroviral 
"infection 



© 



blastocyst 



Figure 1 
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DNA/aqueous phase 
free binding sites 

lectin 

envelope (membrane) 
binding epitope 



Figure 2 
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